Methods-The investigation about the quality of liver US for hepatocellular carcinoma screening was based on the results of a nationwide quality assurance (QA) evaluation between 2012 and 2014 at all medical institutions participating in the National Cancer Screening Program. The QA evaluation was for personnel, equipment, education, and clinical images. Medical institutions with fewer than 60 of 100 points were considered to have failed the evaluation. Follow-up education in the form of a hands-on workshop was provided for physicians who worked in medical institutions that failed the QA evaluation. A questionnaire about basic knowledge and experience with US was administered during follow-up education.
I
n Korea, a nationwide liver cancer screening program was introduced in 2003 as part of the National Cancer Screening Program (NCSP). The NCSP provides annual testing of a-fetoprotein and liver ultrasound (US) examinations for men and women 40 years of age or older with chronic hepatitis B virus or hepatitis C virus infection, liver cirrhosis, or chronic liver disease of any cause. 1 The effectiveness of the screening program is an important issue in the NCSP, but low positive predictive values and sensitivity levels of the NCSP were seen in 2010. [2] [3] [4] [5] [6] [7] [8] [9] This poor screening outcome is associated with the quality and appropriateness of the cancer screening tests. 10 To improve the liver US quality of the NCSP, the Korean Society of Radiology and National Cancer Center (NCC) developed guidelines for quality management of the screening program for liver cancer and performed a nationwide quality assurance (QA) investigation. The guidelines include basic requirements and standard images of US examinations for QA evaluation. Physicians who worked at medical institutions that failed the QA investigation were recommended to undergo education from the Korean Society of Ultrasound in Medicine and the Korean Radiological Foundation. In Korea, all US examinations should be performed by a physician. Physicians with any specialty regardless of knowledge or skill can perform the US examinations, and there is no board certification in US. Furthermore, there is no authorized accrediting organization for US despite the fact that several medical specialty societies have accrediting systems. Therefore, inexperienced physicians may perform US examinations under the NCSP. However, the current state of the quality of screening US has not been evaluated in Korea. The aim of this study was to evaluate the quality of US examinations for hepatocellular carcinoma surveillance under the NCSP and to assess the knowledge and experience about liver US of physicians who perform screening US examinations.
Materials and Methods

Quality Assurance Evaluation
This study was based on the results of a QA investigation performed between 2012 and 2014 throughout Korea. All medical institutions participating in the NCSP for hepatocellular carcinoma screening in Korea were included in the QA investigation. In total, 685 hospitals and 1985 private clinics were evaluated. This study about the QA evaluation of hepatocellular carcinoma screening US was approved by the Institutional Review Board of the NCC, and the informed consent requirement was waived because of the retrospective study design.
The 11 Three items were required to be met to pass the evaluation: (1) curvilinear US transducer connected to a monitor or picture archiving and communication system (PACS); (2) US examinations performed by physicians; and (3) US reports made by physicians. Completion of the online US education course developed by the NCC, which was called e-learning, was evaluated to assess physicians' education (item 1.2.1). Ten liver US images suggested by the Korean Society of Radiology were used as the standard images for assessing image adequacy. Evaluators scored each item, and total scores were used to determine whether the hospital or clinic passed or failed. Hospitals or clinics with fewer than 60 of 100 points were classified in a fail group, and those with 60 or more points were classified in a pass group. The cutoff for passing the evaluation was arbitrarily determined.
11
Follow-up Education
Physicians who worked in institutions that earned fewer than 60 points in the clinical imaging evaluation were recommended by the Ministry of Health and Welfare to participate in follow-up education. Although institutions had no repercussions for not completing the follow-up education, QA evaluation results were public, and the completeness of education would be reflected in future evaluations. In addition, physicians who wanted to learn about liver US were recruited by advertisements from the Korean Society of Ultrasound in Medicine, Korean Association of Clinical Ultrasound, and Korean Association of Health Screening. A hands-on workshop using mock patients was adopted as the format for the 2015 follow-up education. Although the number of participants for the hands-on education was limited, and the 
Statistical Analysis
Categorical data were expressed as number and percentage and continuous data as mean 6 standard deviation. Differences in the frequency of QA item adequacy were compared between the pass and fail groups by a v 2 test. For items with multiple scores, mean scores were compared between the groups by a Student t test. P < .05 was regarded as statistically significant. Results of the questionnaires were analyzed with descriptive statistics.
Results
Clinical Imaging Evaluation
After the clinical imaging evaluation, 542 of 685 hospitals and 1340 of 1985 private clinics passed. The evaluation of private clinics and hospitals showed that the 3 requirements were more frequently inadequate for institutions that failed than institutions that passed (Table 2) . Adequacy rates of the requirement that US reports were made by physicians were 44.1% for hospitals and 71.3% for private clinics that failed the QA evaluation. For the evaluation of physicians' education (item 1.2.1), more physicians in the fail group did not finish the e-learning than in the pass group. Labeling of information about US examinations (items 2.2.1-2.2.7) was more frequently missing in the fail group. The examiner's name was the most commonly missed item for both the passing and failing institutions ( Table 2) . Mean scores for basic US techniques of brightness, contrast, focus, and depth of images were significantly lower in the fail than the pass group. Mean scores for the number of good US images were 18.0 of 20 points for passing hospitals and 18.2 for private clinics. These scores were significantly higher than scores for failing hospitals and private clinics (11.6 and 10.7). The rate of inadequate acquisition of standard images was significantly lower in the fail than the pass group ( Figure 1 ). Standard US images of the liver and US images with inadequate quality are presented in Figure 2 .
Questionnaire: Characteristics of Respondents and Their Institutions
A total of 233 physicians participated in the hands-on workshops. Of these, 192 were from institutions classified on the basis of the QA evaluation, and 41 received (Table 3) .
Questionnaire: US Education
Of the respondents, 14% had never received education about US. Less than half (45%) were acquainted with elearning, and about one-third who were acquainted with e-learning did not take the course. Although approximately two-thirds of physicians had always wanted to learn US (67.4%), the most common obstacle to learning US was lack of time. Many physicians were satisfied with the hands-on education and recommended it as future education (Table 4) .
Questionnaire: Techniques and Reports on US Examinations
For US techniques, 22% of respondents precisely knew elements of standard liver US images. Although 87% of participants always or sometimes adjusted the focus and depth, 10% of physicians did not adjust them at all. Most physicians used a position change to the left lateral decubitus or an intercostal scan. We also evaluated the presence of radiologic US reports. Reports were made by 43% of respondents. More than half (52%) of participants used checkup result papers or medical charts to record the US results (Table 5 ).
Discussion
The most important concern for the NCSP about the quality of US was the quality of physicians who performed US examinations. In Korea, physicians in any specialty or without resident training can perform US examinations for hepatocellular carcinoma screening. Furthermore, liver US examinations of patients with chronic hepatitis are not included in the resident training program for most specialties. The Korean Society of Radiology and NCC have made an effort to increase the quality of liver US. The results of a nationwide QA evaluation of liver US for hepatocellular carcinoma screening as a part of the NCSP were analyzed in this study, which presents the current state of liver US in Korea. In addition, in this study, questionnaires from physicians who worked in institutions that failed the QA evaluation were integrated with results of QA evaluations. The questionnaire results showed that physicians had insufficient knowledge of and experience with liver US. Quality assurance evaluations showed that the mean score for the number of good images was less than 12 points in hospitals and private clinics that failed the evaluation. As adequate images were given 2 points, scores of less than 12 points meant that the number of good images was fewer than 6. As standard images consisted of 10 elements of the liver and gallbladder, fewer than 10 US images suggested dissatisfaction with the standard images. Images that were inadequately acquired at failing institutions were longitudinal scans of the extrahepatic bile duct, longitudinal scans of the left hemiliver, intercostal scans of the hepatic veins, and transverse scans of the right hepatic dome. In the questionnaires, about half of the physicians took 10 or fewer US images in their daily practice, and only 22% of them were fully aware of standard images. All standard US images are necessary to ensure complete liver US examinations; we should encourage physicians to be acquainted with the basic elements of standard US images. Brightness, contrast, focus, and depth had higher inadequacy rates in the fail group than the pass group. Questionnaires revealed that only 26% of physicians always modulated the depth and focus for each patient. Questionnaires also showed that, among 187 respondents, only 46 physicians, 27 internal medicine physicians with gastroenterology and hepatology fellowships, and 19 radiologists achieved US skills during their training period. Although we could not evaluate the quality of the US examinations among physician specialties in the QA evaluation, differences in training programs may cause differences in US quality. Training programs for primary care physicians improve the effectiveness of US for hepatocellular carcinoma surveillance. 12 Therefore, persistent education for physicians who perform US examinations is essential for improving the overall quality of the NCSP. As basic US techniques can be acquired more effectively in a hands-on workshop than a lecture, expansion of hands-on education will lead to an elevated overall image quality in liver US. Another problem that questionnaires revealed was that 10% of respondents performed fewer than 5 liver US examinations per month. Considering a previous study that showed that physicians with high US volumes very likely performed complete examinations, the scarcity of examinations could be a factor in decreasing image quality. 13 We should focus on the average number of US examinations per physician and manage this factor in the future.
We were surprised to learn that 14% of respondents to the questionnaire had never learned about US. Although 86% of participants learned US in various ways, more than half did not know about e-learning programs, and only about half of physicians who knew about e-learning had taken a course. Most physicians wanted to learn US but thought they did not have enough time to learn. Clinical image evaluations showed that a high rate of physicians in failing medical institutions did not finish an e-learning course, but many physicians, even in passing institutions, did not complete elearning. Online education is a useful tool to overcome constraints of time, so more vigorous advertisement is needed to introduce e-learning to physicians. [14] [15] [16] [17] The QA evaluation assessed many factors associated with the process of US examinations. Significant differences were seen in adequacy rates for basic requirements between institutions that passed and failed QA evaluations. As 3 requirements about machines, reports, and physicians were thought to be essential for US examination, institutions should invest more effort in satisfying these basic requirements. Labeling specific to patients and US examinations was frequently missing at institutions that failed the evaluation. We must pay attention to filling in patient information on US images because missing information can cause errors in reporting results and can lead to legal problems. A relatively high rate of adequate labeling of patient names and examination dates was encouraging because the rate had been gradually increasing as the QA evaluation was repeated. However, information about who performed the examination was absent from 85.5% of private clinics and 78.6% of hospitals that passed. When we cannot identify who performs examinations, it is impossible to inquire about the results. Out of concern about the ongoing rate of inadequate labeling of examiner names, the NCC decided to make it obligatory for US results to contain the examiner name starting in 2018.
Questionnaire results revealed additional information about the condition of US in Korea. We surmised that digital image storage systems are widespread in Korea from results indicating that 71% of physicians use a PACS. A prior study showed that failure rates in QA evaluations were higher for analog versus digital storage formats. Therefore, widespread PACS and digital images could be positive factors for increasing US image quality. 11 Machines manufactured later than 2006 were used in 85% of institutions. Korea has no restrictions on old US machines, and an evaluation of the effects of the age of US machines on US quality will be conducted in the future.
This study had several limitations. First was the 2-year interval between completion of the QA evaluation and follow-up education. Physicians working in a failed institution during the QA evaluation might not be the physicians who participated in follow-up education. However, this limitation was inevitable, as the evaluation and follow-up education were conducted for clinics, not physicians. Second, questionnaires might not have reflected failed institutions completely. Some physicians from failed institutions participated in the hands-on workshop, and some hands-on participants responded to the questionnaire. Nevertheless, we believe that the results were valid, as researchers had no bias for selecting physicians to participate in the workshop, and a high number of participants answered a questionnaire.
In conclusion, the quality of liver US for hepatocellular carcinoma screening remains suboptimal. Education for physicians who perform liver US examinations is unsatisfactory in Korea. We should make an effort to improve the quality of liver US and teach basic US techniques to physicians.
